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students. A degree was not a prerequisite 
for doing well in life. Now young 
people are told they need secondary 
education if they are to get a good job. 
Many professors still see their primary 
educational role as educating students 
with similar values to themselves in 
preparation for academic careers. There 
is a disconnect between what society 
sees as the role of the faculty and how 
the faculty see their role. Pressures for 
education to serve utilitarian ends are 
decried as a degradation of academic 
values. Probably more students than ever 
before, measured as a proportion of the 
general population, are studying literature 
and the arts but, rather than celebrating, 
faculty in these fi elds are conscious of 
losing ground relative to other disciplines 
within the academy. The nature of 
research has also changed. A hundred 
years ago, most scientifi c research was 
relatively cheap and supported by private 
or university funds. Faculty did much of 
the work themselves. Now, expensive 
research is supported by government 
funds with benchwork performed by the 
indentured labor of graduate students 
and postdocs. The head of laboratory 
functions as a kind of Chief Executive 
Offi cer directing this labor. 
With more expected of universities, 
there are pressures for universities to 
be more accountable, accompanied 
by a managerial revolution that seeks 
objective metrics of productivity in aid 
of the effi cient allocation of resources. 
The problem with metrics is that they 
assess what is easy to measure and 
are rapidly corrupted as individuals 
modify their behaviors to conform, or to 
appear to conform, to whatever metric 
provides material rewards. Activity is 
easier to measure than thought and 
counting is quicker than reading. All 
these requirements eat into the time of 
the faculty while expanding the size of 
the managerial class. Universities are 
seeing the same trends as the broader 
society, increasing inequality, less time, 
and a greater proportion of goods 
expropriated by managers. Advancement 
of knowledge and education of the young 
are public goods and extending the reach 
of the invisible hand may not be the best 
way to supply these goods.
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What are diplonemids and where do 
they belong? Diplonemids have been 
classically described as heterotrophic 
bifl agellated unicellular eukaryotes 
(protists) from the kingdom Euglenozoa 
(part of the supergroup Excavata), which 
also contains important pathogens of 
humans, livestock and plants called 
kinetoplastids (with Trypanosoma, 
Leishmania and Phytomonas as the most 
notorious representatives) and mostly 
photosynthetic euglenids (represented, 
for example, by ubiquitous Euglena). 
Compared to these widespread, diverse 
and important kin, diplonemids were 
until very recently only rarely found in 
marine or freshwater environments and 
only half a dozen species of two genera 
had been described. Diplonemids are 
generally considered to be predatory 
eukaryovores, although parasitic and 
possibly also symbiotic life strategies 
are described for some species. The 
fl agship species, Diplonema papillatum, 
is a sack-shaped cell equipped with 
two short, thin fl agella and, together 
with a few other diplonemid members, 
is available from American Type Culture 
Collection. 
Honestly, if we were to pick 
candidates for exciting protists just a 
few months ago, diplonemids would be 
at the bottom of our list. Indeed, even 
specialized protistological textbooks 
usually devote just a paragraph or two 
to these obscure fl agellates, which 
have consistently been studied by a 
single lab, the group of Gertraud Burger 
in Montreal. But diplonemids recently 
emerged as one of the most diverse and 
abundant eukaryotes. And the amazing 
thing is that we barely know what 
they look like or what they do. How 
could such an apparently important 
group remain totally overlooked for 
such a long time? The answer lies in 
the environment they occupy, which is 
primarily the depths of the ocean.
Are there any molecular features 
unique to diplonemids? Like their 
sister group the kinetoplastids, 
diplonemids harbor a huge 
Quick guidest 17, 2015 ©2015 Elsevier Ltd All rights reservmitochondrial genome, composed 
of thousands of circular DNA 
molecules, which are either relaxed 
and interlocked into a single network, 
or free and supercoiled. We know a 
lot about mitochondrial RNA editing 
and processing in the pathogenic 
Trypanosoma brucei, and it seemed 
likely that similar mechanisms would 
be in place in related diplonemids. 
However, diplonemids developed 
another unique way of dealing with 
their mitochondrial transcripts. While 
in T. brucei mitochondrial mRNAs 
are heavily edited by multiple post-
transcriptional insertions and/or 
deletions of uridines, pretty much 
the same handful of transcripts 
is processed in a dramatically 
different manner in D. papillatum and 
Rhynchopus spp. No intact full-size 
gene has ever been found in their 
mitochondrial genomes, with each 
circular DNA molecule encoding 
just a single gene fragment. In a 
puzzling mechanism, the individual 
fragments are transcribed and 
spliced together by an extensive, 
yet totally uncharacterized trans-
splicing machinery. By gradual 
addition of fragments, a mature and 
translatable molecule is generated. 
The machinery must be extremely 
precise, able to pick among dozens 
of different gene fragments, splicing 
the neighbors together in an exact 
manner. This is already a very twisted 
and unprecedented way of generating 
transcripts of just about a dozen 
mitochondrial-encoded genes, yet it 
is further complicated by limited RNA 
editing. It can be safely said that so 
far this is the most baroque example 
of maturation of any organellar 
transcript.
What is the real diversity of 
diplonemids? The environmental 
sequencing revolution at the turn of 
this century revealed the existence of 
two previously unknown yet abundant 
eukaryotic clades. The fi rst comprises 
important parasites of plankton related 
to classic dinofl agellates called Marine 
Alveolate Group I and II (with fi ve 
lineages being recognized today). The 
second group is known as Picozoa 
(originally picobiliphytes), miniscule 
heterotrophic fl agellates of unclear 
life strategy. Somewhat in the shadow 
of these important discoveries, the ed
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Figure 1. Diplonemid abundance and diversity. 
(A) Pie chart showing the 7 most abundant eukaryotic planktonic lineages according to the counts 
of the V9 sequence, a fragment of the 18S rRNA gene. (B) Pie chart showing the 7 richest eukary-
otic planktonic lineages according to operational taxonomic unit (OTU) counts. OTUs are defi ned 
with the linkage clustering ‘Swarm’ approach. (C) Schematized maximum likelihood phylogeny of 
diplonemid evolution based on V9 sequences. Digits below taxa names show numbers of refer-
ence V9 sequences available in public databases/numbers of unique V9 reads as revealed by a 
global metabarcoding survey of the photic ocean zone.analysis of 18S rRNA sequences 
from the Drake Passage planktonic 
samples revealed the existence 
of an environmental clade related 
to classic diplonemids. This new 
lineage gradually started expanding 
with sequences obtained from the 
mesopelagic to abyssopelagic layers of 
the Atlantic Ocean and Mediterranean 
Sea.
The aim of the international Tara 
Oceans expedition (2009–2012) and 
Tara Oceans Polar Circle expedition 
(2013) was a holistic assessment of 
eukaryotic diversity from planktonic 
samples collected across the 
tropical, temperate and polar worlds. 
Although novel diversity emerged 
at all taxonomic levels, diplonemids 
stood out as they represented one 
of the most diverse and abundant 
eukaryotic groups (Figure 1A,B). The 
analysis is based on ~800 million 
short V9 barcode sequences, a 
fragment of the 18S rRNA gene 
that is phylogenetically informative 
due to its variability. In this survey, 
diplonemid barcodes constituted the 
6th most abundant eukaryotic group 
in marine plankton (Figure 1A). They 
were present in the photic layer of all 
45 worldwide-distributed sampling 
stations, but their abundance clearly 
grew with oceanic depth. According to 
a detailed analysis of this V9 dataset, 
the mesopelagic layer, typically 
ranging from 200 to 1,000 meters, 
contributed more than 80% of the 
global diplonemid abundance, and 
diplonemids comprised up to 58% 
of all eukaryotic barcodes of the 
mesopelagic zone at some stations. 
Such abundance was certainly 
unexpected, but what is even more 
surprising is that, from the perspective 
of sequence diversity, diplonemids 
rank 3rd only after the well-studied 
dinofl agellates and metazoans 
(Figure 1B). 
Based on a rather conservative 
defi nition of an operational taxonomic 
unit, the dataset contains ~12,300 
diplonemid species. This is a true 
bonanza given that we have no idea 
what any of these organisms look 
like. Importantly, the phylogenies also 
show that the classic diplonemids from 
textbooks, for which at least some 
molecular and morphological data are 
available, constitute a branch that is 
a rather distant sister group to this Cuextremely diverse marine diplonemid-
like planktonic clade (Figure 1C).
What is the lifestyle of planktonic 
diplonemids? The stunning extent 
of diversity and abundance is based 
mostly on the V9 barcode of the 18S 
rRNA gene, which for interspecifi c 
comparison appears to be as suitable 
for diplonemids as for other protists. 
Hence, we are facing an unusual 
challenge. Based on sequences, there 
is a well-defi ned group of protists 
in the world’s oceans that we know 
very little about, in particular whether 
they are free-living, commensals 
or parasites. Out of the possible 
life strategies, we could obviously 
exclude only phototrophy (both from 
phylogenetic and ecological reasons). 
A few studies hint to their parasitic 
lifestyle but if most diplonemids rrent Biology 25, R693–R710, August 17, 201are indeed parasites they would 
have to infect the majority of marine 
eukaryotes, likely other protists for 
the most part. Alternatively, multiple 
diplonemid species could infect a 
single host species, but this would 
contradict the evolutionary trends 
seen in other parasitic groups, where 
exploring new hosts is a driving force 
of speciation. 
There are some clues speaking 
against the parasitic lifestyle of 
diplonemids. Firstly, preliminary 
data indicate that the abundance of 
diplonemids increases with depth, 
and is still signifi cant in very deep 
layers of the ocean, down to 5,000 
meters, which supports an even less 
diverse palette of putative hosts. 
Secondly, an in silico analysis of the 
same global dataset of V9 barcodes 
from sunlit oceans offers an insight 5 ©2015 Elsevier Ltd All rights reserved R703
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North American 
velvet ants form 
one of the world’s 
largest known 
Müllerian mimicry 
complexes
Joseph S. Wilson1,*, Joshua P. Jahner2, 
Matthew L. Forister2, 
Erica S. Sheehan1, Kevin A. Williams3, 
and James P. Pitts4
Color mimicry is often celebrated as one 
of the most straightforward examples 
of evolution by natural selection, as 
striking morphological similarity between 
species evolves in response to a shared 
predation pressure [1]. Recently, a large 
North American mimetic complex was 
described that included 65 species of 
Dasymutilla velvet ants (Hymenoptera: 
Mutillidae) [2]. Beyond those 65 
species, little is known about how 
many species participate in this unique 
Müllerian complex, though several other 
arthropods are thought to be involved as 
Müllerian mimics (spider wasps [3]) and 
Batesian mimics (beetles, antlions, and 
spiders; see references in [2]). Müllerian 
mimicry is similarity in appearance or 
phenotype among harmful species, 
while Batesian mimicry is similarity 
in which not all species are harmful. 
Here, we investigate the extent of the 
velvet ant mimicry complex beyond 
Dasymutilla by examining distributional 
and color pattern similarities in all of 
the 21 North American diurnal velvet 
ant genera, including 302 of the 361 
named species (nearly 84%), as 
well as 16 polymorphic color forms 
and an additional 33 undescribed 
species. Of the 351 species and color 
forms that were analyzed (including 
undescribed species), 336 exhibit 
some morphological similarities and we 
hypothesize that they form eight distinct 
mimicry rings (Figure 1A; Supplemental 
information). Two of these eight mimicry 
rings, red-headed Timulla and black-
headed Timulla, were not documented in 
earlier assessments of mimicry in velvet 
ants [2–4], and are newly described 
here. These fi ndings identify one of 
the largest known Müllerian mimicry 
Correspondenceinto possible interactions of planktonic 
species based on mutual exclusion/
co-occurrence of their barcodes. It 
reveals a plethora of interactions for 
major marine protist parasites such 
as syndinians and apicomplexans. In 
both cases numerous connections 
tie these parasitic protists with the 
expected host spectrum. However, 
even though diplonemids ranked as 
the 6th most abundant eukaryotic 
group, they show very little putative 
interactions with both eukaryotic 
and prokaryotic components of the 
plankton community. Thus, the issue 
of diplonemid lifestyle can only be 
resolved by obtaining new data, 
isolating marine diplonemids and 
analyzing them in the lab.
Is any representative of planktonic 
diplonemids available in culture? 
A search for the identity of the 
planktonic diplonemids and their 
role in the ocean ecosystem recently 
yielded an unexpected result with 
the establishment in culture and 
concurrent redescription of Hemistasia 
phaeocysticola. Due to the lack of 
molecular data for the last two decades 
this euglenozoan ended up with the 
orphaned incertae sedis status. In 
the currently available extensive 18S 
rRNA dataset, Hemistasia emerged 
within the robust monophyletic clade 
of planktonic diplonemids, which 
constitutes a sister group to the classic 
diplonemids of the genera Diplonema 
and Rhynchopus. Interestingly, 
Hemistasia is a widely distributed, 
although virtually ignored, predator or 
parasite of diatoms, dinofl agellates and 
haptophytes, as well as metazoans, 
in particular the copepods. Although 
there is a considerable genetic 
distance between Hemistasia and most 
planktonic diplonemids (Figure 1C), it 
is the only available representative of 
one of the most abundant and diverse 
marine eukaryotes.
Have diplonemids been sequenced? 
More than a dozen genomes 
of pathogenic kinetoplastids 
(Trypanosoma, Leishmania, and 
Phytomonas spp.) have been 
sequenced, but no genomes are 
published for diplonemids and 
euglenozoans. We only have estimates 
that these fl agellates carry genomes 
several times larger than those of the R704 Current Biology 25, R693–R710, Auguabove-mentioned parasites, which 
range from 20 to 35 Mbp. It will be 
interesting to fi nd out whether this 
huge difference is refl ected in higher 
gene number, as it is somewhat 
counterintuitive that a free-living 
protist would need fewer genes 
than its parasitic relative. From the 
fragmentary information currently 
available it seems that the common 
feature of all euglenozoans, namely 
the addition of a small RNA molecule 
called spliced leader RNA onto every 
nuclear transcript, is conserved also in 
diplonemids.
What should we do next? The 
study of diplonemids faces two 
major challenges. While at least one 
member of the genera Diplonema and 
Rhynchopus is available in culture, 
an easy-to-grow strain representing 
the hyper-diverse marine clade is 
much needed. Next, in order to obtain 
deeper insight into the vagaries of 
diplonemids, a genetically tractable 
strain amenable to methods of reverse 
and forward genetics will have to 
be generated. The realization of 
these goals, together with the recent 
revelations from the TARA expedition, 
will help rescue the diplonemids from 
obscurity and bring them into the 
spotlight.
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